Introduction
Use of cell permeabilization methodology including cracked cells, cell sheets, detergents (saponin) and the cholesterol-binding -hemolytic cytolysins -toxin, streptolysin O (SLO) and perfringolysin O (PFO) has proven to be an invaluable tool in identifying and characterizing the role of soluble regulatory proteins and membrane-impermeant chemicals that modulate cellular function. Cell permeabilization has been used in numerous secretory cell types including neural, endocrine, immune, and exocrine cells (1, (4) (5) (6) (10) (11) (12) (13) (14) (15) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (34) (35) (36) (37) (38) (39) (40) (41) .
Permeabilized preparations provide the distinct advantage of allowing the acute introduction of small molecules and proteins into the cytoplasm. Clamping the Ca 2+ concentration at a desired level is used to stimulate secretion, as only those cells that are permeabilized will respond to the ion. Moreover, this technique allows for analysis of the direct effects of specific molecules on the secretory pathway because the early signaling events elicited by receptor activation are effectively bypassed. As such, the use of cell permeabilization has become the gold-standard to study inhibitory peptides (4, 20) , toxins (14) , pharmacological agents (11, 12) , dominant negative protein constructs (15, 31, 32) , and to screen for novel cytosolic regulatory proteins (41) that modulate membrane fission and fusion. In addition to secretory studies, permeabilized cells have been used to investigate a variety of cellular functions including Ca 2+ -signaling and G-protein coupled receptor regulation (3, 16) Cholesterol binding cytolytic agents such astoxin, SLO and PFO have been extensively utilized in isolated pancreatic acinar cells (5, 10, 12, 13, (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) 35, (39) (40) (41) . These toxins provide a controlled pore size creating selectivity of what can enter and leak out of the cells following permeabilization (12, 23, 35) . Alpha-toxin is purified from the bacterium Staphylococcus aureus and forms heptameric units upon binding cholesterol in the cell membrane. The polymerized structure is a transmembrane beta-barrel with a pore diameter of 1-2 nm (2). These pores are relatively small creating an approximate molecular weight cut off of 2-4 kDa (11). Padfield and Panesar have extensively utilized -toxin in isolated acinar cells demonstrating its advantages for studying the effects of low molecular weight molecules including Mg-ATP, GTP--S and aluminum fluoride in the secretory pathway (23, 26, 27) . Because acini lose only small amounts of cytosolic molecules, they remain more highly responsive to secretory stimulation for extended periods of time in comparison to SLO and PFO, which effectively deplete cytosolic proteins within 10-15 following permeabilization (12, 23, 35) . Alpha-toxin is available through Sigma (H9395) and must be used immediately after reconstituting the lyophilized powder. (33) . We have used recombinant PFO successfully in pancreatic acinar cells to study the role of cysteine string protein (40) , various SNARE molecules (39) and complexin 2 (7) on acinar secretion. A His-tagged-PFO fusion protein expression plasmid was generously provided to our laboratory from AP Hueck and AE Johnson (8, 9) . This construct is a cysteine-less derivative of PFO in which cysteine 459 is replaced by alanine and as such does not require treatment with a thiol reducing agent for activation. The PFO cys459/ala mutation does not significantly affect hemolytic activity (33 3. Prepare 1.5 ml microcentrifuge tubes for each of the treatment groups in the experiment with the necessary amount of protein/peptide (or chemical agent of interest) and arrange on racks that are submerged in the ice bath. Here the test agent is added anticipating a final assay volume of 400 ul (see Note 2). Also include 2 -4 tubes that will be used to measure total cellular amylase.
SLO is purified from

Buffers
4.
Using a 200 l pipet with the tip trimmed (to prevent cell-shearing during aliquoting), aliquot 200 l of the acinar suspension to each microfuge tube in a random manner (including the tubes that will be used to measure total cellular amylase). It is imperative to continually and gently swirl the flask containing the cells during aliquoting to ensure an equal distribution of cells in each tube. It is also imperative to maintain cells at 4 o C during aliquoting because raising the temperature will cause the SLO/PFO to activate.
5.
Before continuing on with the assay, using a tabletop centrifuge, pellet the 2-4 aliquots of cells to be used for measuring total cellular amylase. Draw off the supernatant without disrupting the pellet. The cell pellets can be kept on ice until the amylase assay is performed, at which time, they are briefly (5 sec) sonicated in 200 L of water. Cut the samples 1:10 with water before amylase analysis. We typically sonicate the pellets immediately after aliquoting and store them on ice until analysis. 
2.2A Preincubation with test agents
Amylase Assay
Follow entry by Williams (**) for use of
Phadebas to measure amylase activity and calculate the cellular secretion.
Notes
1.
Because the agents to be tested will contribute to the total final volume of the assay, it is important to use a minimum of 1.5 mg/ml stock solution to avoid diluting the buffer components. There can sometimes be complications using a stock solution with a concentration above 3.5 mg/ml (ie aggregation or precipitation) but this is dependent on the physical properties of the peptide or protein and should be determined on an individual basis. Likewise, control samples not receiving the test-agents should receive equal amounts of vehicle.
Proteins and small peptides are typically
added at a range of 10-300 g/ml yielding final concentrations in the M range.
Reagents (Ca 2+ , GTP s, phorbol esters, cAMP, etc.) should be added paying attention to the desired final concentration in a final assay volume of 400 L.
Anticipated Results
The rate and extent of permeabilization can be followed by analyzing the accumulation of soluble proteins in the extracellular space. This is typically achieved by measuring activity of a cytosolic enzyme such as lactate dehydrogenase (12) or by immunoblotting specific proteins of interest (35) , although this later analysis usually requires trichloroacetic acid precipitation of the media to concentrate the protein. Additionally, the introduction of proteins into the cytoplasm may also be analyzed by immunofluorescence microscopy. Fig 1 shows the accumulation of recombinant green fluorescent protein (GFP) into acini following 30 min incubation with permeabilized acini. The apparent accumulation of GFP within the apical aspects of the acini is due in part to our demonstration of a single zplane through the acini together with the rapid loss of GFP from the periphery of the cells following removal of the incubation medium and washing in GFP-free buffer immediately prior to analysis. This same approach can be used with antibodies or fluorescently-labeled binding proteins that recognize organelle-specific proteins or phospholipids. Such studies may be conducted with or without fixation prior to fluorescence analysis and may help in building a case for the specificity of a given reagent in regulating a distinct cellular activity. For example, an agent that modulates secretion may be expected to localize to secretory granules or sites of exocytosis along the plasma membrane. 1 mg/ml soybean trypsin inhibitor, 1 mg/ml bovine serum albumin, and 36 nM PFO. The PFO was allowed to bind to the cells on ice for 10 min and was then removed by washing at 4 °C in the same buffer without PFO. Acini were aliquoted into microcentrifuge tubes (80 μL/tube) containing 25 mg of rGFP and brought to a final volume of 400 mL with permeabilization buffer without PFO. Cell suspensions were immersed for 30 min in a 37 °C water bath and incubated with gentle mixing every 2 min. At the end of the incubation period, cells were immediately placed in an ice bath and then briefly centrifuged at 12,000 × g to pellet. The excess media was drawn off, cells were resuspended in 50 mL of 1X PBS and then aliquoted onto a coverslip. Brightfield images were captured with excitation and emission filters appropriate for GFP using a Nikon Eclipse TE2000 microscope, a PlanApo 20x objective with a numerical aperture of 0.75, and a Hamamatsu Orca camera. Images were captured using Volocity software and were processed for publication with Photoshop software.
Permeabilized acini remain highly sensitive to changes in the free Ca 2+ concentration, although there is some variability reported between different laboratories. Most investigators report a concentration-dependent increase in amylase release in a range of 0. (Fig 2B and 2C) . We have found that recombinant proteins and peptides often function in a range within 10 -400 g/ml which depending on the molecular size, is roughly M levels. In addition to Ca 2+ , secretion from permeabilized acini is also sensitive to GTP S, phorbol esters and cAMP (12, 13) . Because GTP S activates both small and large G-protein signaling pathways, AlF 3 , which inhibits heterotrimeric Gprotein activation, has been used in -toxin permeabilized acini to distinguish between these classes of molecules (27, 28) . Additionally, the ATP-dependence of an agent to modulate secretion is difficult to demonstrate because the energy consumed during exocytosis and membrane fusion is derived from conformational changes in SNARE proteins on secretory granules and plasma membrane when they are in brought in close contact. ATP is subsequently consumed by a chaperone complex composed of NSF and SNAP which "unzips" the SNARE complex post-fusion.
Protein Purification
Production of recombinant proteins for use in permeabilized cells can pose some difficulties depending on the physical properties of the molecule. If purified from a GST-fusion construct and cleaved with thrombin, the thombin may be inhibited by addition of benzamidine. The benzamidine may be removed by dialysis or buffer exchange. Alternatively, immobilized benzamidine (available through GE Heathcare) can be used for thrombin removal. We have found that thrombin activity is lost during incubation for GST-protein cleavage and in control experiments has no effect on secretion even without removal. If imidizole is used to elute His-tagged proteins from Ni-or Co 2+ -affinity columns it is imperative that it be completely removed by dialysis or buffer exchange. We have found that imidizole greatly alters secretory activity.
Correct folding of recombinant proteins may also pose some problems. We found in one case that biological activity was best achieved by thawing a particular protein and keeping it in the refrigerator for at least a day provided the best results.
Others have used baculovirus expression of proteins in SF9 cells which retain a high translational capacity. Under these conditions cytosolic extracts can be analyzed directly without purification and the results compared to extracts from cells infected with a control baculovirus.
In selecting a suitable control for a protein of interest many labs rely on the fact that the assay contains ample amounts of BSA and SBTI (1 mg/ml and 0.1 mg/ml respectively). The use of protein mutation, either in the form of truncation or site specific alterations, is ideal not only for investigating the molecular determinants of a particular effect but also providing an internal control to account for any off target effects of the assay. This is especially true for loss of function mutations. 
Protocol Variations
